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FOREWORD

s
This report is one of several provided by the'Mellonice Systems Develop-
ment Division of Litton Systems, Inc., to the Army Research Institute for the
Behavioral and Social Sciences (ARI) under Contract DAHC 19-77-C-0011.

ARI Research in marksmanship training systems development is conducted
as an inhouse effort augmented by contracts with organizations selected as
having unique capabilities for resesarch in the area. The Mellonics effort
supports the Training Effectivenese Analyeis (TEA) research being conducted
by the Fort Benning ARI Field Unit involving the effectiveness of training
for basic rifle msrksmanship skills. Previous TEA efforts have resulted in
eight reports pertaining to marksmanship.

This effort provides data concerning the performance quality of typical
service rifle/ammunition combinations and compares theoretical information
with the actual performance of typical service rifles. Simplified and more
efficient techniques of teaching basic marksmanship skills are tested and
the relative contribution of various fundamental factors to shooting perfor-
mance are inveatigated.

The reaearch was coordinated with the United States Army Infantry
Scheol, the prooonent agency for M16Al rifle marksmanship training program
development .

Appreciation is extended to the U. S. Army Marksmansip Training Unit
for making test facilities and personnel available to support this test.

The project was conducted as part of Army Project 2Q763743A773, FY 78
and FY 79 Work Program. It was directly responsive to the requirements of
FORSCOM, USAIS and TRADOC.
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ADEQUACY OF M16Al1 RIFLE PERFURMAMCE AND IT3 IMPLICATIONS FOR MARKSMANSHIP
TRAINING

BRIBP

Requirement:

To determine the quality of firing perfoyrmance for the typical
M16Al rifle and test theoretical training and ballistics information.
To develop a better understanding of the Man/Weapou interface and
develop simplified and improved training procedures.

Procedure:

Research objectives were organized into nine different firing
tests. During the period 7 March to 13 April 1979, some 5000 rouands of
ammunition were fired through 60 M16Al rifles at Fort Benning, Georgia.

Findings:

The typical M16Al rifle is capable of effectively engaging personnel
size targets out to a range of 300 m when standard serviceability checks
are augmented with firing tests to assure weapons quality. Theoretical
information pertaining to zero procedures and bullet trajecctory is
accurate, Using the long range sight and adjusting bullet impact to
pnint of aim at 25 m produces a 250 m battle sight zero. This procedure
also provides for meaningful skill practice on the 25 m range. The
rimfire adapter is not adequate for attaining a weapons zero and results
in an increased shot group size. Various types of external stress on
the rifle (hasty sling, bipod, etc.) have a significant effect on the
strike of the bullets. Some forms of firer error currently receiving
emphasis, e.g., sight misalignment, have minimum effect on the strike of
the bullet.

Utilization of Findings:

The information in this report is totally applicable to all M16Al
rifle marksmanship programs and, to some degree, all marksmarship
programs. It should also be of interest to the proponent of the rimfire
adapter and personnel responsible for establishing ammunition quality
control standards or sexviceability procedures for the service rifle.
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ADEQUACY OF M-16A1 RTFLE PERFORMANCE
AND ITS IMPLICATIONS FOR MARKSMANSHIP TRAINING

INTRODUCTION

Since its adoption as the standard service rifle, the M~16 has
been subjected to considerable criticism concerning its reliability
and performance capabilities. 'The purpose of this current effort
was to determine the accuracy and performance characteristics of
the typical M-16 rifle currently in the hands of the basic trainee
and to examine trajectory information and current training procedures.
The U. S. Army adopted the TRAINFIRE concept of rifle marksmanship
in the late 1950's. This program resulted from the recognition of
the importance of training transfer, i.e., the transfer of skills
learned in training to those used in combat. The initial TRAINFIRE
program was designed for maximum rapid transfer of shooting skills
to combat conditions. The basic concept of TRAINFIRE has changed
little since its adoption; however, the amount of time allowed for
the training program, the time devoted to marksmanship fundamentals,
the procedures to provide downrange feedback, and the allocated
training ammunition have varied significantly. In general, the
trend has been to allocate fewer hours and rounds to each phase of
training. Current programs place limited emphasis on marksmanship
fundamentals and, except for the initial 25 meter firing for zero,
no precise feedback of downrange results is provided in the program.

A 37-hour Program of Instruction, published by the Infantry
School in April 1977, currently provides guidance to all Army Train-
ing Centers conducting basic rifle marksmanship training.

Litton-Mellonics, under contract to the Army Research Institute
(ARI), is supporting the Training Effectiveness Analysis (TEA) re-
search being conducted by the Fort Benning ARI Field Unit involving
the effectiveness of training for basic rifle marksmanship skills.
Research efforts under the current contract have resulted in eight
reports which address a broad spectrum of marksmanship fundamentals.

This report addresses marksmanship training variables associated
with the rifle and established training procedures. There are three
basic elements that determine shooting accuracy - the rifle, the
ammunition, and the soldier. To develop marksmanship fundamentals
that emphasize the factors critical to good shooting and to establish
realistic marksmanship standards for the soldier, reliable informa-
tion is required concerning the peculiarities of the M-16 rifle and
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the capability of the rifle/ammunition combination available to the
typical trainee. The M-16 rifle is not used by competitive shooters
and the absence of downrange feedback in the standard instructional
program contributes to a genexal lack of knowledge concerning the
performance of the M-16 bullet at ranges beyond 25 meters. Moast of
the firing performance data available is based on theoretical
computations or is based on firings through test barrels or with
weapona in 'like new' condition. No reliable data was available
which provided the regquired information on the performance capability
of the typical M-16 rifle used by trainees in Army Training Centers.

OBJECTIVES

The develcpment of & new Basic Rifle Markamanship (BRM) Program
of Instruction (POI) required definitive answers to several ques-
tions concerning weapons quality and the accuracy of established
procedures. The following objectives were selected and organized
into nine tests toc provide the required data:

0 Determine the serviceability and accuracy of a large
sample (60) of typical M-16Al rifles used by basic
trainees. Select a smaller, representative sample
(6 to 9) of weapons for use in subsequent tests.

0 Confirm the current 250 meter battle sight zero pro-
cedure (adjusting the center of the shot groups to
2.4 centimeters below point of aim at 25 meters).

o Test a new procedure for obtaining a 250 meter
battle sight zero at 25 meters (using the long
range sight and adjusting the center of shot groups
to point of aim at 25 meters).

o Confirm trajectory information for 150, 250, and
300 meters.

o Compare the firings of .22 caliber ammunition
utilizing the rimfire adapter with the firing of
service ammunjition.

o Evaluate che affects of external strass on the
rifle (hamty sling, bipod, etc.).

© Evalvate the effects of various firer errors on the
placement of shots (eye relief, sight alinement,
cant, atc.).




0 Evaluate the effecte of hard trigger puil and
target type (standard Canadian bull vs. scaled
silhouette) on the firing performwence of trainees.

GENERAL PROCEDURES

The live firing tests reported herein were conducted at Foct Ben-
ning, Georgia, during the period 7 March to 13 April 1979. Each test
report includes details of the procedure for that particular test,
but the following details pertain to all tests.

Military 5.56 ball ammunition, M-193, Lot LC-2-421, was used in
all tests. The Small Arms Quality Manager and the Quality Assurance
Procedures Branch Chief, Lake City Army Ammunition Plarnt, stated that
this was a representative lot of ammunition. The acceptance data for
the lot of ammunition is included as Appendix A.

Weather information, including temperature, humidity, and baro-
metric pressure, was recorded during each test. However, for the
target ranges used, correcting the ballistic coefficient on the basis of
atmospheric conditions was considered as having little effect on the
test outcomees since other variakles or potential socurces of random
variability (e.g., sighting error) were thought to exert much more in-
fluence on firing performance. Moreover, most comparisons were made
within, rather than across, tests, so it is highly unlikely that such
a correction would have measurably influenced the overall results.

Although the effect of wind on bullets is a significant variable,
the configuration of the outdoor test facility (Parks Range) precluded
corrections to data due to wind effects. Because most questions of
interest in these tests related to variations in the vertical plane,
the resulta focus primarily in that dimension of bullet placement on
targets. Only under controlled conditions of wind production could
the effects of wind have been adeguately meagsured. Thie consideration,
coupled with the absence of a specifically designed downrange wind
velocity measuring system at Parkse Range, precluded either the study
of, or correction foi, wind effects on bullets.
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Finally, the results are reported in terms of mean shot group
size and displacement of centers of shot groups. This method was
chosen for two reasons. The first is because the statistical com-
parison of conditions within the tests requires some form of measure
of central tendency. In some cases, empirical data were compared
to theoretical values which cannot be done on a weapon-by-weapon
basis. In all cases, however, the mean of a shot group characteris-
tic was chosen as a representation of the performance of the group
of selected rifles. Since the weapons formed a random sample
of the population of M-16Al rifles, the mean performance was regard-
ed as the best estimate of that performance parameter for the popu-
lation. In other words, the results reported can be interpreted to
mean that the best guess of how any M~16Al chosen at random will

perform under specified conditions is the mean reported below for
these conditions.

The authors recognize the limitations of average performance,

since it may not represent the actual performance of any given weapon.
When averaged data are falt not to reflect adequately the outcome of
a test, alternative methods of displaying the results are employed.
In some cases, a weapon-by-weapon analysis is included. Since the
authors recognize the limitations of any method which summarizes a
collecticn of individual observations, all raw data are included in
Appendices.

All photo reproductions of 25 m zero targets in this report were
reduced by 50% after cutting away target portions not containing
hits. All 25 m targets are the actual targets fired during the test.
The bullet strikes on targets at greater ranges are accurately repre-
sented by the outline of an "E" type silhouette. When a bulls eye
target was used, the silhouette has been added to assist in the evalu-
ation of weapon performance.




TEST 1: ACCURACY AND SERVICEABILITY

The objective of Test 1 was to select a representative sample
of M-16Al rifles lssued to trainees by using standard Army service-
ability test procedures and live firing tests.

PROCEDURE

Selection of the sample. Two sources of M-16Al rifles cuxrently
in ase at Port Benning, Georgia, were used for testing. The first
was the Kelley Hill weapons pool containing a total of approximately
2,000 M-16Al rifles ghat are issued to or used in support cf resident
student classes. On the day selection was made, 302 rifles were avail-
able from which 30 were chosen at random. The second source of weapons
was the arms room of C Company, 7th Battalion, lst Advanced Individual
Training Brigade, which contained approximately 250 weapons. Of the
weapons availahle the day selection was made, 30 were chosen at random.

All sixty weapon3 were, selected by the authors without considera-
tion of any identifiible rifle characteristic. Noteworthy are the
facts that weapons pool and arms room parsonnel could not identify
"good" or "bad" weapons when requested to do 3o, nor 4id anv personnel
attempt to influence the choice of weapons. Since records of how long
weapons have been in service, or the amount of ammunition they have
fired, are not maintained locally, no definitive information on urage
was available. However, C Company personnel stated their xifles had
gone through three training cycles since being reconditioned. Some of
the Kelley Hill weapons, a& indicated by the worn finish and old type
(open) flash suppresscr, had been in continuous service for several
years. The sixty test weapons were secured in thie arms room of the
United States Army Marksmanship Unit (AMU) throughout the testing
period.

Bench Tests. The following data were recorded for each weapon:
serial number, manufactur=r, local source of weapon, and type of flash
suppressor. Utilizing the direct and general support test gages, each
weapon was checked for barrel straightness (Gage, Straightness: Barrel
Bore: FSN 4933-221-~9391), proper hecad space (Gage, Headspace FSN 4933-070-
7814) and bore erosior (Gage, Barrel Erosion FSN 4933-912-3409) by ex-
perienced AMU personnel. The AMU device for determining the pressure
required to pull the trigger {(a crookad rod with removable weights which
is placed on the trigger) was used to cneck trigger pull to the nearest
half pound.
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Following the final selection of nine weapons as described lkelow,
AMU personnel measured bore diameter. This was accomplished by pour-
ing a liquified metal mixture into the chamber end of the barrel,
allowing the mixture to harden, and removing it. The plug was then
measured with a micrometer, resulting in & meazure of bore diametear
approximately 5 cm from the chamber.

Following the completion of all fiving tests, the uine wezpons
were inspected by personnel of the Fort Benning Direci/General Support
Small Arms Repair Shnp. Three mechanical checks were repeated: barrel
straightness, head space, and bore erosion. Additionzlly, the weapons

were checked with the muzzle erosion ¢age (Cage, Muzzie Erosion FSN
5220-15%-4925) .

Firing Tests. Live fire tests were corducted at Parks Range, ¥Fort
Benning, Georgia, an outdoor weapons test facility majintained by the
United States Army Murksmanship Unit (AMU). Each weapon was placed in
a rifle cradle, a heavy visos-like mechanism which secures the rifle at
the butt and forward sling clip. Five rounds were fired to settle the
weapon before a final tightness check of the rifiz. A thrze-round sho%
aroup was firecd at a target placed 25 meiers from the muzzle., Muzzle -
velocity was measuvred with an Oehler Research Chronograph (Model 33) as
specified by the manufacturer's instructions. All cradle tests were
conducted by an RMU weapons test expert. Subsequent to the cradle
firing, the weapors were {ired by two individuals with competltive
shuoting experience. Each firer shot three rounds at an ARI zeroing
targe* (Appendix B) placed at 25 meters. All individual firer shot
groups were fired from the prone, unsubported position. Order of fir-
ing was varied swvstematically to counterbalance the effects of fatigue.

RESULTS

Shot aroup sizes for the cradle and the two firers were recorded.
Shot group size was defined as the largest center-to-center distance
meagured on pairs of the three bullet holes. One weapon was eliminated
hecause of a weak hammer spring. The data on the remaining 59 rifles
are included «s Appendix C. it should also be noted that tlie mean per-
formance of Firer 1 was considerably better than Firer 2,

Once these dava were obtained, a second selection process was con~-
ducted to abtain a manajeable, but representative, subsample of rifles

ARTE I sy e s



for further tests. Since the weapons could not he differentiated

on the basis of bench tests which all weapons passed, the selection
cxiteria were limited to shot group size, mean muzzle velocity,

standard deviation of muzzle velocity, and trigger pull. An overall
comparison of Kelley Hill weapons with AIT weapong revealed a highar

mean murzle velocity for the AIT weapons (AIT: 3162 £t/sec; Kelley .
Hill: 3136 ft/sec; t = 3.16, df = 57, two-tailed p < .003). 1In addi-
tion, the AIT weapons evidenced a statistically smaller mean shot

group size (M = 1.79 cm) than the relley Hill weapons (M = 2.43 om;

t = 2.04, df = 57, two-tailed p < .G5). However, the apparent rela-
tionship between mean muzzle velocity and shot group size was not sub-~
stantiated when the two variasbles were correlated for individual weapons
(x = .11, p > .05). Additional Pearson correlational analyses revealed
no statistically significant relationships between firer shot group size
(prone unsupported) and trigger pull (r = -.15 and x = .03, for firers 1l&2
respectively, both two-tailed p > .05) or between the standard deviation
of murzle velocity ard cradle shot group size (r = -.15, two-tailed

p > .05).

Given the absence of a definitive pattern of interrelationships
in the data, the final selection of the subsample was accomplished
with the use of frequency distributions of cradle shct group cize,
muzzle veloclity, and trigger pull {Figures 1, 2, and 3). Since sub-~
sequent vescs were to use the gize and placement of shot groups as
data, the primary selection criterion was shot group size. Six weapons
were chogen which represented a stratified sample of the distribution of 59
shot groups (PFPigure 1). Table 1 lists the choices, together with
three additional weapous chosen as spares., Note that 83% of the weapons
in the sayple of 59 evidence shot group sizes in the range from .4 cm
to 2.7 cms likewise, 5 of the & weapons (83%) finally selected fired
crxadle shot group sizes in that range. wWeapon No. 51 was deliberately
chosen a3 a poor weapon to complete the subsample. The final choice
of the six weapons was influenced toc a lesser degree by muzzle velocity
and trigger pull. Weapons choice was narrowad so that the final sample
fell in the most frequently occurring catecories of muzzle velocity
and triggar pull. As nearly as possible, the six test weapons (plus
the three spares) reflected differences in manufacturer, Fort Benning
source of rifles, and the type of flash suppressor {(which dates the
weapon as to time of initial issne or last reconditioning). Descriptive .
statistics of the final subsample are suwaarized in Table 2. Figure 4
shows photo reductions of the actual shot groups of selected weapons.
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Figure 4: Shot Group Targets., Firer 1 and ? fired from prone
unsupported positions. Note the large groups fired

by Weapon 51.
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DISCUSSION

Of considerable interest is the finding that the standard
serviceability checks, muzzle velocity, and trigger pull were not
correlated with shot group size. Without exception, all weapons
passed the serviceability checks. This speaks well for direct
support and general support maintenance. However, the fact that
all weapons received the same score of "Pass" (on a Pass/Fail
scale) on the three bench tests precludes any attempt to statis-
tically associate the bench test data with other rifle perform-
ance data.

By establishing shot group size as the measure of rifle per-
formance, the expectation was that muzzle velocity and trigger
pull would emerge as major variables associated with differences in
shot group size. Muzzle velocity was expected to be inversely re-
lated to shot group size in that high values of muzzle velocity
would be associated with small shnt groups. Moreover, muzzle veloc-
ity and its variability from round to round might well have been
indices of bore erosion, a major factor of rifle age and usage. A
direct relationship between trigger pull and shot group size was
anticipated to emerge from the data to reveal heavy trigger pull
associated with large shot groups when individuals fired from un-
supported positions.

The lack of correlation of these two variables with shot group
size may be related to the fact that neither variable showed a wide
range of values in the sample. However, given the values existing in
this sample of rifles, muzzle velocity and trigger pull did not affect
shot group size at 25 meters.

Of considerable concern, however, is not only the problem of des-
cribing weapons differences on the basis of practical physical measure-
ments, but also the problem of selecting out those weapons which
would result in the average trainee failing to zero the weapon or to
engage field fire targets effectively. This latter problem is clearly
illustrated by Weapon 51 which fired a cradle shot group sire of 8.8
cm. None of the physical mesasurements completed in Test 1 isolate
this weapon as a poorly performing weapon. Only a live fire test--

a three round shot group~-~identified the wsapon as one of marginal
utility.

As will be shown in data to follow, various trends in performance
emerged, none of which was predictahle from the initial standardized
tests performed in Test 1. But the results of Test 1 demonstrate that
the available mechanical checks of the rifle are not exhaustive (i.e.,
others may need to be developed), nor are they predictive of rifle
performance.
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"TEST 2: ZERO PROCEDURES

The primary objective of Test 2 was to Jdemonstrate the accuracy
of the current 250 meter battle sight zero (BSZ) procedure. The
secondary objective was to examine the possibility of obtaining a
250 metexr BSZ at 25 